M
anufacturers and surgeons have asserted that certain types of liposuction cannulas or other components of liposuction systems enhance the efficiency of fat aspiration. In particular, some tip geometries have been claimed to remove fat more aggressively or efficiently. However, little systematic study has been conducted with regard to the effect of the various components of the equipment employed in suction-assisted lipoplasty (SAL) on the efficiency of fat aspiration. We therefore designed a laboratory experiment to identify the components of a standard liposuction system and systematically evaluate the effect of each component on the rate of fat aspiration. The laboratory experiment included an investigation of the effect of tip geometry. The study was complemented by a clinical investigation of the significance of venting a cannula.
Theory of Aspirant Flow
A traditional liposuction system consists of 5 major components: cannula, handle, suction tubing, collection canister, and vacuum pump. The function of the vacuum pump is to generate a low pressure in the canister. Once the aspirant is removed from the patient, it flows through the liposuction system as a result of the difference between the ambient pressure in the operating room and the low pressure in the canister. This pressure difference is the driving force for aspirant motion.
As the aspirant flows through the cannula, handle, and suction tubing, a loss of total pressure occurs as a result of fluid resistance. The fluid resistance is caused by frictional and dynamic losses. These 2 types of losses cause a decrease in the total pressure of the aspirant. Because the total pressure is a main driving force for aspirant motion, a decrease in total pressure results in a corresponding decrease in the rate of aspiration. Frictional losses are caused by aspirant viscosity. When the aspirant flows in the conduits of a liposuction system, the velocity profile is not uniform across the internal passage of the conduit. The velocity has a maximal value in the center of the conduit and a zero velocity at The Physics of Suction-Assisted Lipoplasty S c i e n t i f i c F o r u m the wall of the conduit. The velocity gradient at the wall leads to fluid friction on the conduit and a subsequent reduction of aspirant flow rate. The calculation of frictional losses depends on the generalized Reynolds number, which determines whether the fluid motion is laminar or turbulent. A parameter called the friction factor is calculated in terms of the generalized Reynolds number. The frictional losses are directly related to the friction factor and hence can be computed.
Dynamic losses result from disturbances in the aspirant motion caused by components that change the flow direction, such as the cannula inlet, a sudden change of area in the internal passage, and the discharge of the aspirant into the canister. Dynamic losses are calculated with the use of experimental data correlations. However, many of the experimental data correlations that have been published are conflicting and are not applicable to liposuction systems over a wide range of flow conditions. The calculation of dynamic losses in liposuction systems is a topic that merits further research.
The theory needed to predict the motion of aspirant through a liposuction system is available. However, the theory must be computerized in order for the analysis to be practical because of the lengthy computations involved. Details of the theory will be presented in a future article. In the meantime, the assessment of liposuction systems and their components must rely on laboratory and clinical experiments, as discussed in the remainder of this paper.
Materials and Methods
The equipment for the laboratory experiment included a suction pump, suction tubing 6 feet long in 2 diameters (12 and 6.4 mm), Musselman's applesauce, cannulas donated by Byron Medical, Inc. (Tucson, AZ), and graduated canisters. Applesauce was used as a simulated aspirant because its consistency appears to be close to that of a mixture of fat and infiltrate.
All of the cannulas were made from the same tubing stock to ensure that wall thickness was uniform. They were provided in lengths of 15, 26, and 36 cm, with corresponding diameters of 3, 4, and 5 mm. For each length and diameter, cannulas were provided with Mercedes, Becker, Accelerator III, and Keel Cobra (large and small) tip geometries.
In assembling the experimental setup, we placed a graduated canister on the suction pump, connected the canister to the pump, and attached the suction tube from the canister to a cannula. In all of the experiments, the pump was set at maximal vacuum, and the temperature and barometric pressure were kept constant. A second canister was filled with applesauce, and each cannula (length, diameter, and tip geometry) was used to aspirate the contents. Using this setup, we measured the time required to aspirate 1500 mL of material into the recipient canister. Three measurements were made for each setup.
Results

Laboratory experiments
We analyzed the data for the effect of cannula tip geometry, cannula diameter, cannula length, and tubing diameter. The effect of cannula-tip geometry is shown in Figure 1 , which shows the aspiration rate for a 26-cm-long, 5-mm-diameter cannula with Becker, Keel Cobra, Accelerator III, and Mercedes tip geometries. The results for the other cannula diameters and lengths showed essentially the same effect of tip geometry, indicating that tip geometry has minimal effect on the rate of aspiration.
The effect of cannula length (15, 26, and 36 cm) on the rate of aspiration with a 3-mm-diameter cannula with a Becker tip geometry is shown in Figure 2 . These results demonstrate that the rate of aspiration is inversely proportional to cannula length. Cannulas with 4-and 5-mm diameters and other tip geometries yielded similar results.
The effect of cannula diameter (3, 4, and 5 mm) on the rate of aspiration for a 15-cm-length cannula with a Becker tip is shown in Figure 3 . These data show that the rate of aspiration is directly proportional to cannula diameter. Similar results were obtained with other cannula lengths and tip geometries.
The effect of suction-tubing diameter on the rate of aspiration with a 5-mm-diameter, 36-cm-long cannula with the Becker tip is shown in Figure 4 . These results show that the rate of aspiration increases with increasing suction-tube diameter. Similar results were obtained with other cannula diameters, lengths, and tip geometries.
Clinical evaluation of cannulas
We also conducted a clinical study to assess cannulas designed and manufactured by MicroAire Surgical Instruments, LLC (Charlottesville, VA), as part of this project. The objective of this aspect of the study was to measure and compare the aspiration rates of conventional PAL and vented (Turbo) cannulas manufactured by MicroAire. Data on aspiration rate are presented in the Volume 24, Number 3 S c i e n t i f i c F o r u m Table for 10 patients undergoing lipoplasty of various anatomic locations. The cannulas used in this study had 3 different tip configurations (Double Mercedes, Mercedes, and Helixed Tri-Port), 2 diameters (4 and 5 mm), and 2 lengths (30 and 22 cm). In general, the conventional (control) cannula was used on the right side of the patient and the vented (Turbo) cannula was used on the patient's left side. Deviations from this procedure are listed in the footnotes of the Table. We obtained the average aspiration rates shown in the Table by dividing the amount of aspirant collected by the actual time required for the suction process. The aspiration rate for the control cannulas varied from 52 to 205 mL/min, whereas the range for the Turbo was from 62 to 253 mL/min. These aspiration rates are higher than the values published by Rohrich et al, 1 who recorded rates ranging from 25 to 43 mL/min for ultrasound-assisted lipoplasty and rates from 31 to 95 mL/min for SAL.
The last column in the Table shows the percent increase in the aspiration rate of the Turbo cannula compared with that of the control cannula. In 7 cases (1, 2, 4, 5, 7, 8, and 10) , the average aspiration rate was much higher for the Turbo cannula (13% to 48%). In 1 case (no. 3), the average rates were similar. In 2 cases (no. 6 and no. 9), the average rates were less for the vented cannula (-5% and -37%, respectively). For cases 2 through 7 and 10, data are listed for multiple treated areas. For each of these cases, "combination" data are also shown. The combination data represent the total volume of aspirant for the specific anatomic locations given, divided by total suction time. In general, the Turbo cannula had a higher aspiration rate than did the control cannula.
Another significant observation is that the clinical values are much lower than the laboratory values, indicating that applesauce does not simulate aspirant or that the fat-fragmentation process is significant. Research on the fragmentation process is needed. In addition, a scientific standard must be established for the use of simulated fluids in place of infiltrate/fat solutions in laboratory experiments. 
S c i e n t i f i c F o r u m
Discussion
The process of SAL involves the fragmentation of fat, which is subsequently aspirated through a cannula and tubing into a receptacle. The fragmentation process is incompletely documented but is probably a combination of a jackhammer effect, in which the force of the cannula as it moves through the fat fragments it; and fragmentation induced as the fat is sucked into the islets of the cannula and avulsed as the cannula moves. Factors that influence the efficiency of fragmentation include the size of the cannula, the ratio of fat to fibrous tissue, the area 2 0 9
A e s t h e t i c S u r g e r y J o u r n a l ~ M a y / J u n e 2 0 0 4 being treated, and the vacuum pressure. Fragmentation can also be facilitated or possibly accelerated by powerassisted devices. Internal ultrasound-assisted lipoplasty devices do not accelerate fragmentation; instead, they liquefy fat, which may facilitate aspiration from fibrous areas or in repeat procedures.
The rate of fat aspiration is directly proportional to the diameter of the cannula and the suction tubing and to the vacuum pressure generated by the suction pump; it is inversely proportional to the length of the cannula. Cannula-tip geometry has only a minimal effect on the rate of aspiration. However, when the cannula diameter is less than 4 mm, clogging with fibrous tissue can significantly decrease the rate of aspiration. Cannulas have recently been developed by MicroAire that allow a calibrated amount of air to be introduced into the aspirant flow. Vented cannulas were analyzed clinically in this study, and the results show that proper use of venting can increase the rate of aspiration. Additional cannula improvement might be achieved through a decrease in the system's friction (e.g., coating the inside of the cannula and tubing with a low-friction substance). No data are available with which to quantify the effect this might produce.
The suction system should also be tuned to minimize the backpressure in the canister and to ensure that the pump is operating at optimal efficiency. Many canisters and approved pumps have filters, which gradually become clogged and decrease efficiency. These should be changed periodically to ensure proper function.
Conclusion
The rate of aspiration of fat during SAL is directly proportional to cannula diameter and suction-tubing diameter and inversely proportional to cannula and suction-tubing length. Cannula-tip geometry has a minimal effect on the rate of aspiration, as long as the holes in the tip are 4 mm in diameter or larger. Vented cannulas can enhance flow and efficiency. The suction pump should be properly maintained for optimal function. Further research is needed in the development of a theoretical model for the flow of aspirant through a liposuction system. The fat-fragmentation process should be investigated in detail as a means of determining its effect on the liposuction process. ■
